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TI TLE OF THE | NVENTI ON AN APPARATUS AND METHOD FOR

FI LLI NG A BALL GRID ARRAY TEMPLATE 5 BACKGROUND OF

THE INVENTION Field of thé invention The present

i nvention generally relates to ball grid array (BGA)

and in 10 particular, an apparatus and nethod for

filling a ball grilftiaFalHE ENYERTIONI t h  sol der bal I s.

Description of the Prior Art Ball grid arrays

t ANAPHARA TAISCABIDVMET HOBERY §11LON GO BARE IGRIP ARBAY 15

“density | C conmponents qQEMPI®TECUIt boards. US Patent

No. 5,655, 704, issued to Matsushita Electric

I ndustri al Ty a net hod of

filling a ?éhn’%?%%%@'qg’tg%g‘%ﬁ RPRRRES, Serhart's s
. epi ng_bin passes over the tenplate. However, such
F'elaé’?a%mﬂ’@“t@/@?y suscepti ble to sol der ball danmage by

t hdhagsesgnt inveatipn genewally relsted i balh grid amey BGA) and in

variability, contam nation.or fqreign, 20 particle., As
partifiarce poedat engdnaged oy iling ekl SiLeERRleR Lo
soldePpslid! e or the object of subsequent depositing the

sol der ball on the BGA package is not possible. FIG

1 shows a conventional nethod of filling a BGA

tenplate with solder balls. The BGA tenplate 1 is
Desﬁ’r‘lg&?’b‘é%hﬁ/ipﬂ?ré\rbl urality of holes to receive a 25

ool i HET kg Sommdh Rk oreaniERARe A

dendi®l ICscompdriehtsd betohdlcat byardsheus earhaiNe. §,6555 708) Bsued to
osition of the solder balls 3 can happen anytine

de
Matwsg'ﬁa ElestrigcoindestrishCp., I 2aiwegust h@9hdiselosesca methekaf filing a

temGRTH  ECiTRAR' Bifer Bafl o h PR bis poihet chettng '
tem%ﬁiédqno@tabér, Sudtdmietidd BReHL s&@eﬁgftﬂ]@td gbldéﬁba’ipdﬁhggmbw

1, this may result in the ball 4 being quashed
the ddsignbitself2s welhas dee tppssets wrabtlimptdontammatibe or féreign

: spl der bal fails to operly seat in the hole due
partile. Ag féreng‘tﬁﬁ#@%iﬂa@ag%@[}ﬁ%eﬂchr%smfneéfffotméﬂg@&f

the cﬁfjeétl}ﬁ ségs!eﬂ%l'énpaéﬂosﬁing the solder ball on the BGA package is not

possible.

FIG. 1 shows a conventional method of filling a BGA template with solder

‘balls. The BGA template 1 is provided with a plurality of holes to receive a

plurality of solder balls 3. A ball bin 2 sweeps over and above the template T
and deposits the solder balls 3 into the holes on the template 1. As this
deposition of the solder balls 3 can happen anytime when the solder ball 3 and
the hole are aligned, the deposition may take place just as the ball bin 2 is about
to reach the particular hole at which the solder ball 4 is just about to drop in. As
shown in FIG. 1, this may result in the ball 4 being quashed by the bin 2.
Another possible situation is when the solder ball 6 fails to properly seat in the
hole due to foreign matter 5. The bin 2 will shear off the top of the solder ball 6.
FIG. 2 is a perspective view showing a solder ball mounting apparatus |
disclosed in US Patent No. 5,655, 704. As shown in the FIG. 2, the solder balls
are deposited onto the substrate 10 through the stencil 7. The flux dots 11 on.
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FIG 2 is a perspective view show ng a sol der ball
nmounti ng apparatus disclosed in US Patent No. 5, 655,
704. As shown in the FIG 2 the solder balls 35 are
- deposited onto the substrate 10 through the stencil 7.
The flux dots 11 on 2 'the substrate hold the sol der
theygyhstratg hald thesaddendenlls Ain plage. t Heweven, ax these dux Hotg &1 are

- A h hejght. of the.
ialeft, B e TSR dOGL Py Vo, 8 e P

doBXEZ,85Bérk Eh&BNYBkcesdill anfoine e SThiB@a gtk @ifd sdlabt bdiB 18 %o stick
stick out of the stencil 7 and be sheared off at the

out eighastenhié 7swiddee shxmired offiahtl® tppss ds ©lderhalt bim Hphdses
I S, not

ovéipe RS ofterE rrippieBtisty BE SRR mhrasiiore i B gyl dors
and RRISJIAG BaRY il IEﬁ'bgg HBW%ISH%{; {ﬂgen?ﬁhg ﬁéighﬁé@d gtg%gdﬂlié,] baME14

sheared by the bin 8. ssued
will be vaemgyedibgl therbon@&t i on, Inc., 19 March 1996 di scl oses

an apparatus for placing solder balls in a ball grid
arr Hs."a*mé N %\%“gﬂﬁi’u&t@éﬁﬁr\(%ya@ Awieeratieay Ingg HhMarch

19 REECBR g A (38 PRSP S T o

appardtat boipiisesat wWhgel Itaviddign inhee and aguér hBE aMdiaBk wheel
means for attaching a tooling fixture to the outer

being etatabte abwuwit wesizonial axisowieanofor eachisg erbuilirgrid arrayhta
theJon e BarieSlneas BhERG Y » o Matbanre RiR Qe fece
of tgé wheRl 104 badilidn tekalddMitd'® MAESH tht BalTRYRl érPeﬁ/( i&ﬁ&n&rﬂ&

i xture through the reservoir 1 n a nmanner to
forminges esarvoir df selder bl a the iottenl dfethe lndidet, ranand for
ve from the suLf ace of the _arra%/ ag’%/r excess
Ul

contioliglly rpiaing thmmeLicomaye thectoghps figture dxesgh dhe fasgrvoir
T ' 10t "1 t (
in 4 MARACrA0HI AEALS e B R CISERRIR 10l & Hhi\ Rfin

theisarfadecofiths aripany whidse sbielet bgild Whithray nd@escu@ingot
enga%e the sol der balls. US Patent No. 5,551,216
recgssehithe inner aneihe eutes frea bpingcsenaratast a flistaricegopermifithe

roofglg fhufied Rang s SRR bR e BRan iy fife BafigrElgprafdoes
T o r R et o a met hod and. an appar at us for

‘balUs BatentNens, 55T 6neftestoenthefodeppmhapparstuarfer filling a
ball%?{ﬁitaérf:a% ?!fl{?yqﬂ?:}%%;gsb lct(:?m];)(r)igestalr %ggrfvgirrrflorn golagll gzﬁ[s abn%J Ell- fc’ootiicr)lg
plate with an array of holes for receiving solder balls. US Patent No. 6,276,598
relates to a method and an apparatus for ball placement. The method and
apparatus are particularly suitable for transferring solder balls to a ball grid array
package.

The methods disclosed in the above US Patents Nos, 5,499,487,
5,551,216, and 6,276,598 make use of free flow of solder balls 17 over tilted -
templates 15 with or without vacuum suction at the holes receiving the solder
balls. This method does not prevent excess solder balls 18 and solder balls 19
remaining on the surface of the template or around the holes due to either static

forces, vacuum leakage at holes or foreign matter which may be sticky like flux




package. The nethods disclgsed in the above US Patents
Nos. 5,499,487, 5,551, 2167 and 6, 276, 598 nmake use of
free flow of solder balls 17 over tilted tenplates 15
: : ot £ ;o
s fg AR o HRSUMESLC 1 Myl 65 e

wharslbp s ball giek Heall 115 ck& l@ﬁllﬂ?ﬁ@ lackaly sbbsthae 28 is adwaricad ng
on the surface of the tenplate or around the hol es due

aboyg the teman aterwill result sy euashed seldemball s agdtiale badls @& eagh

hole Y Fedf A hetbarl «firodthsd e ik pipullos nobiRh

FIGS.i3 ahd ans, subsequent operation whereby the ball pick
head 16 or a ball grid array substrate 20 is advanced
abdltePatast Nenp)91857 98 issued sRGVI Naggaestelihcs @ Jabr 1929,

e SR s e S L A B
afer ‘meta [F; ° c ra . Sd
N

elongatedyfsridaddefaiidpan tlngpicdaenesstthefeis rdhe chaiel of thet array,
the p t_terﬂ of rretI%LI ized pads or dots of sucE, )

a stegfy gysrlyimgdha prreratndsurnapiaddey suide rails iddeeohegider

i M IS RS ORI A A e

alonﬁ dRpstehéitl dnd mdartifor Aldving thebloek afing theistbnclldbemioding a
. having a planar bottom surface contacting the stencil
bin-contactiog Sﬁ’giwrbaﬂs overlthegpertarestferroed ondhe siepaih forffiling the

nmpvi-ng the bl ock along the stencil for noving a bin
apertuleR act i ng sol der balls over the apertures fornmed on

the stencil for filling the apertures. SUWARY OF THE

PRESENT I NVENTION In a first aspect, there is provided

a sol der bSUMMARY O TbipBRESENT INVEPITIOMNg: a base

pl ate . provi ded with a bal rid array.tenplate on one
BB s B Yeenp st a Rl Bl sl helieds ol
combnﬁﬁg&bwa&%ooﬁea WitHg baRlgdier arradehiblatt b diRsénd

pl ate havi ng pivotal novenent "about ‘a pivot between a
havirg a plumplityoef loditingdidlemesttending ¢herethnenghb fiirireceivingsaldaie

ol e B 58T v BR3P
direc@ohd¥% move solder balls toward the ball grid array template and a second,
opposite pivot direction to move solder balls away from the ball grid array
template; a solder ball supply bin provided on the base plate for holding solder
balls therein and for depositing solder balls in one or more of the locating holes
when the bin is located above the ball grid array template; and a motor capable
of moving the solder ball supply bin along the base plate toward and away from
the ball grid array témplate.

In a second aspect, there is provided a method of filling a ball grid array
template with solder balls, the Bali grid array template being provided on one
end of a base plate and having a plurality of locating holes extending
therethrough, the base plate being capable of pivotal movement between a first
pivot direction and a second, opposite pivot direction, and a solder ball supply

bin being provided on the base plate that is capable of sliding thereon in the first




tenpl ate; a solder ball supply bin provided on the
base plate for holding solder balls therein and for
depositing solder balls Ln one. or nore of the

| ocating holes when the™bin is |ocated above the bal
grid array tenplate; and a notor capable of noving
the solder ball supply bin along the base plate toward
and away from the ball grid array tenplate. In a
second aspect, there is provided a nethod of filling a

st P B STEARHE AR SR
the s&1@8EbA)| Salhfphﬁﬁﬁh; 9\t tleWRk plate A tHeafiat piet didd&n to

ext endi ng therethrough,” the base plate being capable
allowodolgentat lallocatactimethe bietovewmvednfthe ftst ppiot dirediarsde)i on

.angd a cgnd, opposite pivot direct.ion, ..and. a.sol der
moviga the T syPRREm B bese e iopee HELENB B Fin.
to thd Balf 8RA A8y @énaﬁlhteokbrtaesetb?ra%w idlddimalfith $ill ope odibre of

second pivot directions, "the method conprising: (a)
the lquating bb&g; sbpiveting sihe bajerplatehie the kekandpivet ditgssion thi n;

atloweh it < B Hn R b Fesonf v tion s

from fRVISall gYid BRay tenSilatel ¥Ad (Jirm8GhE @6 sdidér baTPstigply blreover
sol der”bal | supply bin over thé base plate in the

the basergategnhe setiondgivatrdiractionhe ball grid array tenpl ate
tq they | | der. balls tp fil,l
¢ PRl dfclPa bR o obbamfscnd malEd oo fBhE S all

grid a?RG 2B pRitY AithHol RFHafs. ARo dded HerdlR'is Habhpparhasdbed
In“the bin to nove in the second pivot direction away

filling a bafl gtid aay tergplate haviag lecatipEdiotes witlhl a@dyrafitneignalhe
S I@ﬁir bal.l. supply bin over the base plate in the
SOIdEEEE PPPUBYE di recti on. Accordingly disclosed herein
L SRR B bUTECd A< Inelgdio 3. BRlrollnl délice

and theballrgridsareay tapiphitabeing @ountdd bhtocha bagd plags salthet tiay
tenpl ate having locating holes with a plurality of

templatey rotates sirpeltansgiisly v basegolatepase plate rotatably
ARty biocaRab i hagnfeeh pretBe 531 Hytirs M et BEr Blate
i S S e e AT BT of o ol
supplglbinbeing contralled by\edriving rheansiuchasea wbtdrhand dseball
| grid arr)rla?tgmp!ate about the axis of the base plate, and the ball supply bin being
substantially rectangular and enclosed on three vertical sides while the fourth
vertical side proximity to the ball grid array template being a ball gate, said ball
‘gate.pivoted about the axis thereof and being normally rested by a stop pin or

the like, such as a stopping edge, positioned at the lower surface of the ball gate;
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whil e being rotated together with the base plate, the
sliding notion of the baII4suppIy bi n bei ng
controlled by a driving neans such as a notor, and t he

bal t. I tq,

el serb AP FORE AR hdEo AL Sl ol e
simll@Ctoahg Weaht an theehall Q&é‘i‘rowﬂ thd b plsetfbE/RlonfbARS twml le

the fourth vertical side proximty to the ball grid

opened/slpsed pokision oféhedall gam, hndat e, said baI | gate
ot,ed ,about t nd, bei
Ple\ét iy SP SB%I B?It' frfizofﬁdﬁ‘%y t}?ﬁs?ﬁ &’nsj'l"oppl ng

ther@g? WheﬁQﬁéHaQé‘Eﬂat@hI Lol S thSHAN gﬁ& a?:fagtté}ﬁpﬁﬁé lthe bln

a sensi ng eV|ce posi ti-on ¢ ends
sup[wlﬁf bidn eI |dlmste aﬂcbdmerahe balh gnglurragl tamipéate tind thaebefibhip the

8 i o G
-| |

o B sl A ] s 3L A i iy

s:mulm\r\@bdﬂy,tth@ dsc%b!;s ﬁi!diéi bRllls ae faflenlbabk witththeBupplyssinp! y

bin slides to and over the ball grid array terrpl ate
an®isdhesederein ip aapethﬁéo iy msqiéerrhﬂl é@noaw balhgrid array

S B oL e 2D B e,
of: slides back to the other end and sinultaneously, the

excess solder balls are fallen back with the supply
b| positionibg seiddsa bigtid neray tersplatanatt dredered of a piviote] baet phate;

o NeREp Gt blusaliich Ol Bals ) belkama HUgHpvstLisdably

' posrﬁ holfec teﬂ?é onfle ndptﬂﬁsthle 'bgglel Blgt bg i0 gl dab¥ PH tﬁé bk plate;

ate at one en

I ntlockise rgtatinglofitied bise ﬁteS@hlﬁbilrﬁ bﬂiﬂxﬂls b dlidin
supply bin whi gh is sli cfgbl 15 ngSI ti onl{ep(glﬁat t he o%e

towaéi'ﬁdth@fb alligrichasay firaplate tam!lqmst@l solder katls eontpneshisethe

ball fephhiny oS RehiEho R eﬁfth% PR A e slidig ofon
of thabmxu,saym.ﬁtb%.ﬂ EcttMdRe gfglrmgahé SuchORLANBES, é&bh

suppl |n to f| ocati ng holes on th

solderbﬁblfanteachalmdatnh@hela dndg" rmtl on of the ball supply

bi n bein ontrolled by a driving neans such %@ﬁ
nmsPYptergipakwise refatingf the hase glate apd sliging: ofiie kall supply

bin bg{ﬂg %ﬂg@f c;esﬂgc%’\'\%lﬁc’cg d'ég?t)f#o"p ol %n?ae%ese sBler Bafls
from above the ball grid array template.

Disclosed herein is an apparatus for filling solder balls on a ball grid -array
template, further comprising a ball pick head which is lowered above the ball
grid template to remove the solder balls by vacuum for transferring to a ball grid

array substrate.
_ Disclosed herein is a method of filling solder balls on a ball grid array
template, wherein the base plate may be tilted clockwise in an angle ranging

from 5 to 40 degree above horizontal.
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bin back to its initial position and, in so doing,
renove any excess sol der bal s from above the bal

grid array tenplate. Disclosed herein.is an apparatus
rray

for_fi I|n sol der |1 n a ball gri

t erp1°§ sed P 2 wﬁaﬂdsefo ﬁ@oy%wcgeﬁ wgﬁ@%'wﬁﬂr@ﬁba&f
grid @%;ﬂ V& hehSn B basegﬂél‘e rhsﬁple fited LR K F]t f€an

sol der S by vacuumTfor tra erring to a ba grid
angb&raarglrafm@hrmw 7Dilegkesed herein is a nethod of

e irg%ée%a{a% inenay B0 ndl b afe e ETRY R o

xafi Su M RferefCt et DRy MBI SR e

‘renovi ng excess sol der balls froma ball grid array

tenpl ate, wherein the baslelegl'ate may be tilted
ant i - cl ockwB&EF RESRIPIKINGOF ke AfWHﬂGQO to 75

d i ment fthelnv ntion wl
G ERS Py o oiaad BF*Se Uaial e S blea P der
baut,ﬁ@rﬂ ubg dravvl ngs, in which BRI EF DESCRI PTI ON

OF THE WNGS FIG 1 is a partly enlarge
FIG& s crosesedionil wemfsimmuafg:oanveommitsobigeabaﬁ onQieting

al | mounting apparatus. 10 FIG 2 is a
appacrp s-sectional view of another conventional sol der

] r
G ndR JPh G cARRROR, iSrantLihich D s AR IRSheAsOlte
ball bahiultplerhdiisiapleactbhblesn ahe pkHhdadl @ ateathn elqe'troble loadte
or, at each electrode on the ball grid array in a

ball gid perayi 18 regonyenienal salder hallmovnfingappastus. 15 FIG 5
FIG. 5515% &rog %TC% %&I' \ﬂgﬁ)sh}éb}g@{g ﬁ.hoéi“ dﬁq r%e fjﬁt%ﬁ)c?efrhbtallggroﬁ the

rom

ball sty bttt Sall é\’r:i%ﬁféﬂ{ AR_GA a%bn@ahﬁ@mﬂﬂﬁ@rﬂresent

i nventi on. FIGS. to 15 are cross-sectional views
lnveeh@tw ng oper ati on sequence of - depositing of solder

[l n accordance wi.th the present . invention. 20
FIGSb 2 10°15 arecrosssectional views showr%g operation sequence of

depositing of solder balls in accordance with the present invention.

‘ DETAILED DESCRIPTION OF THE PRESENT INVENTION

While the specification concludes with claims defining the features of the
invention that are regarded, it is believed that the invention will be better
understood from a consideration of the following description in conjunction with
the drawings.

Referring now to FIG. 5, there is shown an apparatus for filling solder
balls on a ball grid array template in accordance with the present invention. The
apparatus comprises a base plate 1 rotatably mounted at the axis 2 thereof to a
controlling device; a ball grid array template 3 mounted onto the top surface of
the base plate 1 at one end thereof so that the ball grid array template 3 rotates
simultaneously with the base plate 1 when the base plate 1 rotates (tilts)

clockwise or anti-clockwise; a ball supply bin 4 substantialty rectangular shape
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DETAI LED DESCRI PTI ON OF THE 'PRESENT | NVENTI ON Wi | e
the specification concludes with clains defining the
features of the inventionbthat are regarded, it is

bel i eved that the invention will be better understood
froma consideration of the faollow ng deshcrl tion in

slidabhyj meuptesrpvsr the topsudace af tariknge Plated &t fegfhaoand thereof
oSBT B A0S0

supbREbIRY i€ SIENER b warAblio And Tﬁﬁov@@lﬁl@fﬁéﬂlg,sth@%ﬁ@é pE6s 1 aviiifsthe
pllate 1 rotatably nounted at the axis 2 thereof to a

basc @tlﬂte dl ﬂotaigs @h;mt thee axis Baﬂf Ith@ base plateal tnsaquaia@cs with the

Prefl REcIa e EREBATREY 1 b h ety bind ienrieay Fefifare i
sid s%ﬁitl@fne i%thHlvteﬂﬂﬁpéia% pn’él'xfrfi it} ﬁFtl@?&ﬁi Q‘toﬁér@aﬁteMkﬂﬁtetﬂWs

ase plate 1 rotates (tilt ockw se or
proeided -witloa lbatl sate B Biag bald gpial § idpinotedsablost duetaxid 6 thereof

rectangul ar shape 6 sli_dabl nted over t
andgs npaBalyfest sbagt@pm"alﬁeoqs'tiqn the frarersy a%ef@@rba”
gattgs S/\él?/ Q{f’éﬁpsq%??glag@1 b a{% %i@&ﬁ.&é 8Pc ntgﬂaﬁaﬁgkg?r{bg babl
gridearf@t @mplae 3 1§ piangabivithad pn@aﬁtb%fb@faﬁnghat& 117 wntheetop

t he base E)date 1 rotates about the axis 2 of the base -
surfpceatashald spideabells H8randl oe lpcatieg bojsr b2 eaneivies Onbf pedl

nt. the.bal upply bin 4 is enclosed on three
SOIC@%H gf s o in V\ﬁd ést he fourth vertical side,
Pr oXkéfsing d&itdg, sl%h las Qth FoihC ANt SERRLALS aacociléd beam
provided with a ball gate 5.° The ball gate 5 i

reflgitivetsedsabio pbsutldmechandss@udnmdezdfbotiaﬁw ersisnxﬁltlnmba%e plate 1

T N
I
morﬁ d’rﬁ*@’\éthé%f%e&/‘eli{%%@ zBﬁﬂjF"tﬁ@bialTESﬁe%a b tifé’li) %Ie% is 3

an dpﬁnQﬁosltﬁorth‘ts h@jnta?tes arsabtﬁ@«maltt@ udnobdraaohdéfhe thmlilgitds,is

and one |locating hole 12 receives only one sol der
desigaed in euchua wadhat the weight of th ﬁf\bgléﬂgier%wdéwtefé agoutthen

axisTofU b GERERED P BBt ¢ ball e B Rl A Peal Boun
o ot ar o el oy o ? e base pl ate 1

fov\srﬁmmnlﬁi@ ﬁh@pbpdngdﬁehwdﬂad)lcﬂmsbaﬂs 6n hedkit Heareal |
enc!%setf by the La[ supp ? l baﬁl plck head 9 is positioned above the
ball template 3 and is lowered to remove the solder balls 10 on the ball grid
array template 3 by vacuuming for transferring to a BGA substrate 19 (referring to
FiG. 15).

In accordance with the present invention, a vacuum 18 is provided to a
chamber 13 underneath the ball grid array template 3, in communication with
the individual locating holes 12 on the ball grid array template 3 so as to assist
the filling of the solder balls 10 (referring to F{G. 7 and FIG. 8).

FIGS. 7 through 15 depict the operation of the apparatus in accordance

with the present invention.
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an open position, this indicates an abnormality in

operation. The ball gate 5 is designed in such a way

that the weight of the bal¥ gate 5 is pivoted about

the aX|s 6 and the weight will ensure that the ball
a close,wall to 20 contain the solder

Dol Atdhe IR pirarelida CHUIS angREN the Fese plae Siagaiber with the
bal lfélr%a?réa@ tefh éﬁéﬂér?h%\m{% ﬁB séf% lbaﬁ% :!ﬁ Sﬂh btlhg 'Icgc_%mﬁ{g rllnolﬂ#l 19 are

osed
in thebdrionitsl pesstidn (maﬁoa;hcmeﬂ@he) AdHovireimofldl. &, fhmstﬂiders
| owered to renove the solder balls 10 on the baII grid

balls 11 ape cengingdewihisythedallsvpaty biod anditherhallgate 5t'-‘batathe
Clog%stybstrate 19 (referring to 25 FIG 15). In
oftahce with the present invention, a vacuum 18 is

pr cneféiﬁﬂg&@ FRG. 2 ERREe plitd! NGRS | Beastrlatét&f cl@@kws@rtb%out 5

array tefplate 3, in conmunication with
to 40rdguéedatadvel hm&tamh@] Hbkemglofontatios |belbllengmadl layr theyability

of USRS B PRItk havieply DR dorpesathgut (5 apfeahe Bl
gatd ¥ E@H%Qm]rée GeR; cﬁatp %n%n%ﬁﬁn It? Bv& thk B I%}’Rﬁé&?&)}{’tﬁreﬂ plate 3

accordance wt resent nventi on.

in snuhn;etwaht SO é[haJhiaIbgaté Befoapparchisy wall tockdapsthe pblaieeballs
er wwth the ball grid array tenplate 3 having no

”‘éf'éll"ﬂé e puppl¥ big4on the locating holes 12 are in the

i s SEBNpRIG; e P Y Big LsildeCoRhs e BATMRG Bray
temblaté 3 aH@RWV¥r thetethpiite 3 &Rl Padd ddAg,ehé sbRleaballN€1 within

close position. Referring to FIG '7, the base plate 1
the syppisbior 4 iare depesited intodbk weating hokdsol o the gurfage @é frece

| h | d
tem 36 Fre P ARy Mg e L peaiectiifodhe Pairibe 15 ke
fillingupR syl dak Egll‘f’sf LT¢] l%rtﬁ@%éﬁﬁhgtf%‘ﬂ@r@oﬁ G Mﬂlategﬁt e S5to

-maximze deposition possibility over the ball
gr Refearimgto Fi€hyd, dabe baselflatent suther itedor sotates!. co‘[imeerbal I

ate 5 forns_a close to keep the_sqlder balls
clociiset abaut 30Ky dsrecibelay harGRaln ST GRY 8 the ARsaf
| I I
rota?éfpﬂ éett@rrgnéd Otggr%b{lﬁg% %%pﬁtogﬁe%ghg Ag v{/ﬂ"nﬁ tﬁégglairll &mpiy
bin 4 ttﬁfaﬂd?éw bb @rdvityltbwarddthe far-end of the bin 4 from the ball gate 5

~and by the amount of rotational torque balance at which the ball gate 5 is

pivoted about the axis 6.
Due to the fact that the solder balls 11 are typically very small, as small as

0.2 mm diameter, some residual solder balls, denoted as 14, may attach to the -

surfaces 15 of the base plate 1, the ball grid array template 3 or around the

locating holes 12 due to static charges, humidity, contamination or vacuum
leakage.

As shown in FIG. 10, at this angular orientation, the ball supply bin 4
slides backwards and in so doing sweeps off excess residual solder balls 14. The

solder balls 10 deposited in the locating holes 12 remains in place, held by

either vacuum 18 in the chamber 13 or by the depth of the locating holes 12.




10

15

20

25

30

the supply bin 4 are deposited into the |ocating holes
12 on the surface of the 15 tenplate 3. The vacuum ng
means. 18 connected to the®chanber 13 assist in
filling the solder balls 10 into the | ocating holes 12

o1 itdfe <Ry ptdingmeusinegt of Be.b Ak Sungin i PedRidine o
hol@sbpy&haapbé Rul i HRIRELInPRIAY WY KR nf) onésaub.abéwmtme

angle o rotation is determned by the ability of the
consohetbin @aIiH Iscdtingdhaths h21 hiovbadedr, inugmpdbnor@al &tuation; as

shoglﬁlfllf'noﬁfﬁbte ﬁléngpqe%éjév%treélw Qr}%g[ EQ? é%[a;émgﬂlgfﬁ?:nhtf Qt%c onto
the S B dRE e i Tcaih BORsCH, A GLEGIE 510l pPRYEA° ' ©

couﬁ&ir dtckbadd sndlthearlgng wpthedhdll %at@ 5Yis dembkied Iasthenehbords
0.2 mm di aneter, sone residual solder ball s denot ed

as FiG, 12shows anether abnarmal sisualiant whese the residyal solsles balls

14 fSSQ{CFn&S?%E‘F)&%af'fih%Lfsgfearﬂ;ﬁ SQIHERHEI £ ndtse et HHgpbAFin

the fRAtATTHORL 1pm le DEACEHEATAE @'ﬁﬁﬂﬁte 3°~STi$|B oUR pb@ssﬁllyfbe dGe
at this angul ar orlentatlon the ball supply bin 4

to farkignevatberckanaresentan dhé tocating bohag1 z,\melabe biil gasecb vl be
| der _balls 14. The solder

trigdseh el TbA HEAha Tethes i ahppmesl JeSaimanc terbsoRDal

: ifh the chanber 13 or by the

T ek :

ting es 12. 8 At the end of

s| iaogrdanvenwith tiod ptebential-éntiosy phe cdritar df grahiey of the ball

| ocating holes 12 shall be fully deposited in
gateyinis Qffsgtf r@ﬁltbe@ﬁ@t@aﬂsdeﬂwemf|50ﬂ%at the %l@ﬁlﬁ\ﬁtvrféfdaﬁi)a%!aﬁ@rzﬁ

s il L RN 28 VA1 iR PRI 4] e

by tﬂéam@iﬁﬂt BfrotatidH of the bake m@15asts|h%vﬁwrflqm$dﬂmgm@fﬁ§ of
the locating holes 12, the bal | gate 5 will be tilted

cod\ﬁtsbﬁwol iodiGi 3, thadastplate [l thas gestorediie adwirizogéale 5

 positignesiinddirrlirdERee tebase bfar 1t KRGS TATEE pack

to ,@nﬁuatﬁ&hrom hb'%o fde bfaLQ *fP‘?n tﬁ@%caﬁhg%l&asu or-the

I s not seatéd properly In ocatl ng e 12 in the
ball geitllargyitematatay it enpbaitabld poditios fodfurthessirbicpntectdue

10.to foreign matter 16 present in the |ocating hole
packpginggcesses-bal | gate 5 will be

FIG. 14 shows an example of further processes. The ball pick head 9 of
the semiconductor packaging device (not shown) is lowered above the ball grid
array template 3 to remove the positioned solder balls 10 by vacuum 17 for '
transfer to ball grid array substrate 19, shown in FIG. 15.
| While certain novel features of this invention have been shown and
described and are pointed out in the annexed éfaims, it will be understood that
various omissions, substitutions and changes in the forms and details of the
device iliustrated and in its application can be made by those skilled in the art

without departing from the spirit of the invention.




- novenent about a pivot between a

triggered as the ball gate 5 reaches this abnornmal

| ocation and the abnormal situation will be depeqyes2003/000246
by the sensor 8. In accordance with the presﬁ&t,ewed 14Ianuary2005
invention, the center of grayity of the ball

is offset fromthe pivot axis 6 thereof so that the
sensitivity of the bal | gate 15 5 in detecting

algpammsal i ties and yet not dammge sol der balls 14 can

be adjusted by the amount of rotation of the base

plate 1, as shown in FIGS. 11 and 12. As shown in

FrEG. W$olddﬁ®a@ﬁ&ﬁgQd;pat-aQuslcoh@ﬁS]ﬁ stored to a horizontal

positio a under .nor.nal iti on, the base plate 1
i s rot ap"“‘& p@‘fc‘%dt{%{?é ek ba'tl (gnfit@raiwﬁemp'ate grogfiet endrhaving a

whlgrabiby oft lbeatmg holes e:duaidir@ tﬂ&ethf’oulgh Q’orl z’é@hhg%ld@%a% t:!‘lg base
OBlaEehfavi?-uQ Pfat {{ rra rrgl:3 isin sui tabl e
positroneford i Gﬁ"@n ?té‘fee" EM&’@’%@'@“‘O“ to move
p?og@ésﬁ@(% toward, thQthNdS aeray Q&ﬁgﬁﬁﬂ?@ aﬁ?;] a b@‘cbgﬁ}ﬁropgggte pivot
of., the_ sem.conduct or
pﬂl%ﬁﬁﬁ&ﬁmm@%ld@%éus é}“ ?1 a[ll W@H

packagi q%i devi ce (not ® the ball
grid 2afdidey belbspprit bin Provisled empthe tidse pits idrihoking sehied Balls

kthdreim ah@ (dY YieyR M QBlé'a? bélefm o c}fr@}éf Etli';e {R%nf?@ 'nglg%ié%the bin

shnown I n

ubstrate
: r{%(?g‘%/te‘?gl?ﬁvﬁr‘"éasbagﬁ"‘t?ffaé't‘?%ﬁtandn have been shown and
descr abrectoanababiecof Dﬁdviﬁge@te Qdldet Bak B RNER )&ﬁﬂg GhPbAB: plate

: d t hat
It&ﬁ% :a't' u%‘sﬁ%"gthﬁggﬁ%ﬁ'gaééy t?f}‘/g%{.fotjgr ?rgn Z?]:joget ail s. of
the device illustrated and in its application can be
d th 30 t d [

R0 RGOSR flhd ke o A s Bk S o
R Q‘E &OTR”$QM¢BPOSWIS®SMMaIM resdécﬁfdlﬂ@fnn@ﬂéd by a
ot

¢ gid@gt})aﬂ%%gﬁ%@arﬁ? a@&dt@d Ezﬁt $age %ﬁ lgﬂgooggﬁjerﬁi %ﬁrgtnadunng
Bt"fi 89 '@ © bpse Rt Hy Srend dlirestiom dhebalt ute pivbis opghcdnoact
with sblderngills lad Rave it hsved'aiay h%ﬁ:ethg BE@%ﬁd %&tt&g?l fevotal

I'rs Fection
_to nove solder balls toward the ball grld array
3.enplAatobdeniball filling aspachtusRB& ink 20 Rla¥R'l, wherein the rear side wall

is disposed at a distance relative to the pivoted ball gate such that when the bin

slideably moves on the base plate the rear wall does not stide over the ball grid array
template,

4, Th_e apparatus according to claim 2, further comprising a sensingf device
positicned at both the ends of the base plate, at a height simitar to the heigltt of the
pivoted ball gate from the base plate.

5. The apparatus. according to Claim 4, wherein the sensing device is a through-
beam sensor or a focused-beam reflective sensor.,

6. The apparatus according to Claim 1, wherein the base plate is pivoted at an
‘ angle ranging from 5 to 40 degrees in the first pivot direction.

Amended Sheet
IPEAIAU




direction to nove solder baits away fromthe ball grid
array tenplate; a solder ball supply bin provi depCPR8G2003/000246

the base plate for holding solder balls_ therglRi.angss
for depositing solder balls iqyone or nmore of - thl anuary:zoos

| ocating holes when the bin is |ocated above the ball
grid array tenplate; and a notor capable of noving the

sol?der i ipp&#&ﬁl&' chﬂcﬁhg%(tggm 0 %Ihpl%ﬁlethg bSse pla}te ?sﬁvo ed at an

gue %: ?mth bal | “grid arfay
soIaB%Fr S8 Trom 40,1 45 afﬁ@%ﬁ'sawgsa@ndpuomwcm claim1,
wherein the solder ball supply bin conprises two
OpROSI tﬁl d| sposed J de |.I's respectively connected

by o v Dheyapprights accqrding o, (atm iy vheein thei loeatieg hplgs in the ball

gagdd wammppmmumcmmmcahmmmadatwﬁg pi voting of
the base plate in the second direction, the bail gate

pi vots upon contact wth solder balls that have not
nmoved dwapthod ofrfitling adwll|grig rancly mm;ﬂgﬁetvﬁﬂﬂoﬁﬁeﬁbal@ th@ ball grid

di
oherey chplate biihd bRMGAPBERAL Uk BCFRIE pRSe a Gaviedt Sivatty of
reﬂ%a"i‘tlf'&ehql% Wenqwgvthewhmgﬂ, thatheses plake thing ashabte toh@ivotal

bi movesiehtiRakbeh d"ﬁl’é@&lv&"&lrﬁ&?onbaﬂﬁﬁ Qéoﬁf{ eopf)&?te ﬁﬁf :th}‘@hﬁn and

does ver the bal

0 I | d

THe% A‘Eeg; lé 'Ed’remﬁrpgmﬂd?dcqnaﬁhmbzse ﬁlerretth@tns copable ofi stiding
a thenean inghdﬁnst aRd sepaIfi ;iWo@ aﬁ&tﬁhs BRIkt ofmPpiing? the
base plgte, at .a h tothe helght of the
pi vot ed”bal qrowgp%scﬁci[egﬁ? ebﬁ’aéltsépp% inirhe -
gppar aftls. ;amg dihenigpse plata iaithe first M&u;eeném@d&lgw%lﬂ& balts

Y sensor a focused-beam
r gfdag'?tdll \%hgabg'ténms@#%hg t@ﬂ%@ 2P zS'FS‘Etl?E' according to Claim
1, whef@i n rgvingthe eolﬁﬂrdmlé sunplymw otee dhaabasa plat@ iohe first pivot

s D SRS ol b b e

?)Jetgn Anen _
REWET tnghelasy 2005 10 7. The apparatus
accor didng tpﬁm%@trm Base %@é fH the sg&nggﬁ\%o%f’g&g) |3 allowlsolder

p ted angl e ran g from
h%gg%cgge% n 3‘1%@{1 %WP&Q‘HIZ second pivot direction away from the ball gird

array template; and

{e) - moving the solder ball supply bin over the base plate in the second
pwot direction,

10, - The methodAacco'rding to claim 9, wherein the bin is capable of holding solder
balls between two oppositely disposed side walls respectively connected by a rear
‘ side wall at one end and a pivoted ball gate at an opposite end, wherein during step

(e) the ball gate pivots upon contact with sotder balls that have not moved away
from the ball gnd array template, :

11, The method according to Claim 9, wherein the base plate is pivoted at an
_angle ranging from 5 to 40 degrees in the first pivot direction.

'_ 12.  .The method according to Claim 9, wherein the base plate is pivoted at an
angle ranging from 20 to 75 degrees in the second pivot direction.

-
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8. The apparatus according to Claim1l, wherein the
| ocating holes in the ball grid. array tenplat
in comunication with a vacuum 9. A nethod q{?cg SGZ;)g/OO%gg
a‘ball grid array tenplate wqh sol der balls &y )
grid array tenplate being provided on one end of a
- base plate and having a plurality of locating . holes
extending t her et hrough, the base pl ate bei ng capabl e

&P venent between a first pivot direction

as 86'??& %ﬁﬁe@mgéwﬂ%f? firihet eanapuising mivotieg the Ibaer plate
batdalmuumityl;mﬂ'ﬁobeftagstwﬁyl ded on the base plate that
i s capable of sliding ereon in the first and second
pivot directions, the nethod conprising: (a) providing
sol4der Thalmethod of IGtaimoy,delieréial the SEHRPbvoLbifectiok B3 a_ clockwise
Pi ¥Rlis the base plate inthe first pivot direction
to allow solder balls -located in the bin to nove in
the first pivot direction; (c) noving the solder bal
- sugpl T e he, first
d| re t %%%Hﬁg?'ﬁ@a%rw rgi?'rtgy ieé | gvgt 9'6 %r‘%@ﬂ) anti-
Sfietiopal Is to fill one or nore of the

Iocatlng hol es; (d) pivoting the base plate in the
second pivot direction to allow solder balls |ocated
~in the bin to nove .in the second pivot direction away
fromthe ball gird array tenplate; and (e) noving the
sol der ball supply bi'n over the base plate in the
second pivot direction. 10. The nmethod according to
claim9, whereinthe bin is capable of hol ding sol der
‘bal | s between two oppositely disposed side walls
respectively connected by a rear side wall at one end
and a pivoted ball gate at an opposite end, wherein
during step (e) the ball gate pivots upon contact
wi th solder balls that have not noved away fromthe
ball grid array tenplate. 11. The nmethod according to
~Caim9, wherein the base plate is pivoted at an
angle ranging from5 to 40 degrees-in the first  pivot
direction. 12. The nmethod according to C aim?9,
wherein the base plate is pivoted at an angle ranging
from20 to 75 degrees in the second plvot di rection.
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11 13. The nmethod according to Cdaim?9, further

conprising pivoting the base plate to a horizontal

position after step (e). 14. The nethod of Claim?9,

wherein the first pivot dit&ction is a clockw se

direction. 15. The nethod of Caim9, wherein the

second pivot direction,i ' ti- clockw se

direction. Amended She@‘tBSS"IaFEﬁ&/ AU ABSTRACT AN

APPARATUS AND METHOD FOR FI LLI NG A BALL GRI D ARRAY

Eﬁl}’B.lP‘i%RA’f*UsaRﬁéf MEW@B%?RWQEN[(%% éALL'G“ﬁI FARRAY

grid array tenplate s drsclose par at'us

conpri ses a base pl at eTEMPLAEEDbal | gri d array

tenpl ate being nounted onto the base plate; a ball

supply bin slidably nounted over the surface of the

An dpePatds &R %‘tﬂcﬁi ﬁﬁ'fﬂ é{ th%m%[é Qﬂﬁg'?&h{)l’édt%hs Hl%%ud%@ae The

plate and the ball . te ate about the axis of

apparaius l@amrpeatadaamplatman@ the balligpd wrﬁyﬁemmwimﬂ‘lg)mounted

e ventical des e th fourt ertl si.de
onto ¥ Back Hibter 3 n| S3pY b Siigabiy Btk Shes fif afisy o the
base b whilehélag | rogRba BgetHpdwMPAHE BAR ﬁ?ﬁté driaetrﬁpfbau grid.
and bein normal |y rested by a stop pin or a lik
templage, abpyt the, pris gloltiet base plate, pod thethall sypidy &in ﬁﬁ@iosed on

- three 9@%081' ?ﬁi‘é? m?t? E@é q’Eég@' %}xﬁ?@ §§ﬁgﬂl§)xgﬁ®?gﬁ? %a!lggﬁd array
templateabémgoé Helt ghtd, baidetall gateditotetithokhe sxipharebf and being
normélly restggl by a stop pin or a like; a sensing device positioned at both the

ends of the base plate at a height similar to the height of the ball gate from the
base plate; and a plurality of small solder balls enclosed by the ball supply bin.

(FIG. 5)




